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Carbon nanospheres derived from Lablab
purpureus for high performance supercapacitor
electrodes: a green approach†
Gomaa A. M. Ali, ‡a,b A. Divyashree, ‡c S. Supriya,c Kwok Feng Chong, a
Anita S. Ethiraj,d M. V. Reddy, e H. Algarnif,g and Gurumurthy Hegde *c
Carbon nanospheres derived from a natural source using a green approach were reported. Lablab purpureus
seeds were pyrolyzed at diﬀerent temperatures to produce carbon nanospheres for supercapacitor
electrode materials. The synthesized carbon nanospheres were analyzed using SEM, TEM, FTIR, TGA,
Raman spectroscopy, BET and XRD. They were later fabricated into electrodes for cyclic voltammetry,
galvanostatic charge/discharge and electrochemical impedance spectroscopy testing. The speciﬁc
capacitances were found to be 300, 265 and 175 F g−1 in 5 M KOH electrolyte for carbon nanospheres
synthesized at 800, 700 and 500 °C, respectively. These are on a par with those of prior electrodes made
of biologically derived carbon nanospheres but the cycle lives were remarkably higher than those of any
previous eﬀorts. The electrodes showed 94% capacitance retention even after 5200 charge/discharge
cycles entailing excellent recycling durability. In addition, the practical symmetrical supercapacitor
showed good electrochemical behaviour under a potential window up to 1.7 V. This brings us one step
closer to fabricating a commercial green electrode which exhibits high performance for supercapacitors.
This is also a waste to wealth approach based carbon material for cost eﬀective supercapacitors with high
performance for power storage devices.
1. Introduction
Batteries use electrochemical reactions to store and produce
electricity.1 In a lithium ion battery, the lithium ions move
between the electrodes to produce electricity.2 In a recharge-
able battery, a reverse potential helps move the ions back into
their original position.3 The electrochemical process is slow
and over time degrades the electrodes. This limits their usable
life to a few thousand charge/discharge cycles, leading to a
short life, in turn leading to the issue of disposal.4 The
popular Li-ion and Ni–Cd batteries contain highly toxic chemi-
cals5,6 and they must be disposed of in a controlled environ-
ment. In developing countries like India and China where
regulations are diﬃcult to enforce, unregulated disposal often
leads to an environmental crisis where expensive ground clean-
ing operations are often needed.7
Unlike batteries, supercapacitors store energy in an electric
field,8 and there is no movement of ions to degrade its perform-
ance. They can be charged/discharged rapidly and have millions
of cycles before their performance begins to deteriorate.9
Supercapacitors traditionally suﬀer from a lower energy
density when compared to batteries.10 Supercapacitor elec-
trode materials can be classified into three main categories
based on the charge storage mechanism: carbon-based
materials,11–15 transition metal oxides16–21 and hybrid
materials.22–25 If there was an order of magnitude increase in
energy storage capability, they would be an ideal replacement
for batteries.
Over billions of years of evolution, nature has succeeded in
building an ecosystem that can be recycled completely. Every
natural product has a predictable lifecycle from birth to death
before it is merged back into nature. If energy storage devices
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